Abstract: Nine hundred and ninety seven school children of Nepal age ranged from 6 to 11 year were studied for their somatotype characteristics. Endomorphy-Mesomorphy-Ectomorphy components were calculated using Heath-Carter Somatotype method. Average Endomorphy components for 6,7,8,9,10, and 11 year old boys were 3.0 (±1.8), 3.3(±1.8), 3.1(±1.4), 2.7(±1.0), 3.0(±1.2) and 2.7(±0.7) respectively. Average mesomorphy components for 6,7,8,9,10,and 11 year old boys were 4.2(±0.6),4.2(±1.0),4.0(±1.1),3.8(±0.9),4.0(±0.8) and 3.7(±0.9) respectively. Average ectomorphy components for 6,7,8,9,10 and 11 year old boys were 2.3(±1.1), 2.3(±1.0), 2.5(±1.3), 2.8(±1.1), 2.9(±1.0) and 3.2(±1.3) respectively. Slightly higher adiposity was observed for the Nepali male children compared to their similar counterparts of other different countries. But muscularity and linearity characteristics of the Nepali boys were very similar to other countries. The body type gradually changed into balanced mesomorph at the age of 9 and 10 yr which again changed into ectomorphic mesomorph but very close to central at the age of 11 yr. The changes of body type from endomorphic mesomorph into balanced mesomorph and ultimately into ectomorphic mesomorph supported the trend of somatotype change with age.
Introduction
The somatotype is the morphological characteristic of the body built which is a phenotypic entity capable of changes with ageing, growth, exercise and nutrition [1] . It is defined as the quantification of the present shape and composition of the human body and expressed in a three -number rating components representing endomorphy, mesomorphy and ectomorphy respectively, always in same order. Endomorphy is the relative fatness, mesomorphy is the relative musculoskeletal magnitude, and ectomorphy is the relative linearity or thinness of the physique [2] . It is important to recognize the somatotype as a description of the body in general, and does not answer more specific questions related to the specific dimensions of the body [1] .
Heath-Carter phenotypic somatotype ratings, covering as they do wide variations in shape, absolute and relative body size, and body composition, are well suited for analyzing the widely recognized changes in human beings during growth, maturation and process of aging [1] .With minor limitations, the Heath and Carter method (1967) can be applied to both sexes at all ages for studying growth and maturation [3] . By itself, anthropometric somatotype is an estimation of criterion rating, but it may be less valid for young children than for older children and adults. But several investigators have used anthropometric somatotypes for studying growth pattern of children from 1 to 11 yr old using Heath-Carter Somatotype technique [4] .
Nepal is a landlocked country in South Asia and one of the poorest nations in the world. The country is a developing country with a low income economy and average per capita daily supply of food energy is 89% of the requirement [5] . Most of the previous data available on Nepali children were based on clinical and nutritional aspects figuring nutritional status related to growth and development.No study had been done till date on somatotype characteristics of Nepali children. Most of the studies were either on physical characteristics or on nutritional aspects [6, 7, 8, 9, 10, 11] . It was well known that population differences in mean somatoypes could be attributed to nutritional or activity adaptations as well as to genetic background [12, 13] . The present study was designed to collect a cross-sectional data on somatotype characteristics of Nepali male children living in hilly areas next to mountain zone of Nepal. Hence, the present study was aimed to evaluate the growth and development of somatotype characteristic of Nepali male children aged between 6 and 11 yr living in hilly zone of Nepal.
Method
The study followed the ethical part of ethics in studies in humans of Kathmandu University School of Medical Sciences, Dhulikhel, Nepal. Subject's consent was obtained according to the norms for human experimentation. Permission for each student was taken from their parents through school authorities prior to the measurement. The study was carried out during the year 2009.
Study Design
It was a cross sectional study for Nepali male school children in the year of 2009. The study was designed as a part of educational project for the students of Human Physiology, department of Physiology, Kathmandu University School of Medical Sciences, Dhulikhel, Nepal.
Subjects
997 male students of local primary schools were randomly selected for evaluating their somatotype characteristics. The primary level school education in Nepal comprises of grades I-V.Thus the age range of the present study was in between 6 and 11 yr. Children were from primary schools of Kavrepalanchok district of Nepal. Most of the students were from middle and lower middle socio-economic class and from different ethnic groups of Nepal like Newars, Brahmins, Chettris and Tamangs.
Age Group
Age groups were formed by rounding up either five months or more into a complete next year or less than five months into previous year. Thus, followings were the six age groups with age limit of 6 yr (65 -76 month ), 7 yr(77 -88 moth),8 yr (89-100 month), 9 yr (101-112 month), 10 yr( 113-124 month) and 11 yr ( 125-136 month).
Statistical Analysis
Data were analyzed with Statistical Package SPSS (IBM) version 20. Mean, standard deviation and correlation coefficient were analyzed.
Phantom 'z" Score
The relative magnitudes of physical characteristics with respect to stature were assessed with "Phantom z scores" [14, 15, 16] 
Anthropometric Measurements
Anthropometric measurements were done on same day for each boy in same session to avoid technical error. Measurements were done by a level 4 criterion Anthropometrist accredited by International Society for the Advancement of Kinanthropometry,ISAK [17] . Methods described in the ISAK manual [18] were followed. Stature was measured with an Anthropometric Rod and body mass was measured with an electronic weighing scale. Skinfold thicknesses were measured with a Harpenden skinfold caliper (Baty International, UK). Anthropometric tape (Lufkin) and sliding caliper (Rosscraft, Canada) were used to measure circumferences and bone diameters respectively.
Somatotype
Heath -Carter [19] method was followed for somatotype rating. The following equations were used for calculating somatotype. If HWR was equal to or less than 38.25 then, Ectomorphy = 0.1 Table 1 showed the physical and anthropometrical characteristics of 997 male Nepali children age ranged from 6 to 11 yr. Height increased gradually as age increased. Table  1 also showed the skinfold thicknesses of biceps, triceps, subscapular, supraspinale and medial calf along with arm girth, calf girth, biepicondylar humerus and femur diameters. Average Body Mass Index (BMI) of all ages were between 16.2 and 17.0 kg.m -2 indicating underweight category (Table  1) . Body Mass Index did not change with age. Three different components in average were shown in Table 1 . Average endomorphic components for all age groups were less than 3.3 but more than 2.7 whereas maximum average mesomorphic components were 4.2 observed for the age group of 6 and 7 yr. The 8 and 10 yr old boys were also possessed an average value of 4.0. Less values were observed for age group of 9 and 11 yr which were 3.8 and 3.7 respectively ( Table 1) . Table 2 showed the correlation coefficient among the different variables when correlated with each other.
Result
Height, weight, humerus and femur diameters showed a significant correlation when correlated with age. Table 3 showed a comparative somatotype of male children of different countries reported by different authors including the present study. Fig 1 showed the mean somatotype components of the Nepali children at different ages. Fig 2 represented the body magnitude of physical characteristics with respect to stature of the Nepali children at different ages. Fig 3-9 showed the somatotype of the male boys at specific ages from different countries. 
Discussion
The somatotype, the phenotype character, changes with growth, ageing, physical exercise and nutrition [1] . Different studies revealed that somatotype exhibits significant changes in adolescence [20, 21] . When puberty begin in man, their somatotype increases in mesomorphy and ectomorphy but decreases in endomorphy, due to reduction of subcutaneous fat of the upper and lower limbs and lower and dorsal regions of the thorax. Different factors like nutrition and physical activity are critical in modifying each somatotype component during the adolescent period [20, 22] .
Endomorphic component represented the adiposity of a body. The average endomorphic components of 6,7,8,9 and 10 yr old Nepali boys of the present study were higher than their similar counterparts of Belgium [23] , Bohemia & Moravia [24] , Hungary [25] , Brazil [26] , Nigeria [27] , Bulgaria [28] and Estonia [29] .The endomorphy component of the children of the above mentioned age groups of different countries were between 1.02 and 2.8 whereas that of the Nepali children was 3.0 (±1.8) with a range between 1.3 and 8.1 ( Table 3) .Nepali boys of the present study possessed low values than the Finish boys [30] aged 10 and 11 yr ( Table 1) . Similarly, the Portuguese [31] and Chilean [21] boys of 10 and 11 yr old possessed more endomorphy component than the Nepali boys of same age groups (Table  3) . Thus, slightly higher adiposity was the trait of Nepali male children compared to European and Latin American children except for the Portugal and Chile.
Mesomorph component represented muscularity. Mesomorphy components of the present study were between 4.0 and 4.2 in average for all age groups except for 9 and 11 yr where the values were 3.7 and 3.8 respectively (Table  1) .Nepali boys possessed very similar values with the boys of same age groups of Belgium [23] , Bohemia &Moravia [24] , Hungary [25, 33] , Brazil [26] , USA [31] , Finland [29] , Nigeria [27] , Bulgaria [22] , Estonia [28] , except for few cases.
Hungarian boys with age ranged from 8 to 10, studied by Eiben [32] , possessed low muscularity in terms of mesomorphy component (Table 3 ). While Štêpnicka [24] observed a higher value of 4.6 for mesomorphy component for the 8 years old Bohemia & Moravia boys, Marta et al [30] also observed a slightly higher value of 4.69 for the Estonian 10.8(±0.4) yr old boys. Similarly, Tapia et al [21] reported a higher average value of 4.8 for mesomorphy component for the 11 yr old Chileans boys. Hence, the muscularity trait of the Nepali boys of the present study was very similar to the other nations' boys of same age groups except the 11 yr old Latin American boys.
The third somatotype component, the ectomorphy expressed the relative linearity of the body. In the present study, the average ectomorphy components of the boys age ranged from 6 to 11 yr were between 2.3 and 3.2. The values were very similar or slightly lower than the reported values of other studies for different countries [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] . Thus, linearity trait of the Nepali boys of the present study was very similar to the boys of other western countries with similar age.
In general, boys at young age move from endomesomorphy to ecto-mesomorphy and balanced ectomorphymesomorphy as they grew up. During adolescence, with increased muscle mass and complete ossification, mesomorphy component increases and ectomorph component decreases [33] . The general tendency to an increase in endomorphy, a decrease in mesomorphy and an increase in ectomorphy during growth is apparent in children [29, 33] .In the present study, endomorphic mesomorph physique of 6,7 and 8 yr old Nepali boys changed into balanced mesomorph physique between 9 and 10th yr which finally changed into ectomorphic mesomorph (very close to central) at 11th yr ( Table 1and Fig 2 &3 ). The changes in physique from endomorphic mesomorph to balanced mesomorph and finally into ectomorphic mesomorph supported the trend of somatotype changes with age [22, [32] [33] [34] [35] . Heath and Carter [33] indicated chances of increased mesomorph and decrease ectomorph components during adolescence but they also mentioned the chances of relatively stable somatotype in some children during adolescent period [33] . In the present study, the gradual changes in physique as age increased might be due to increased physical activities where children had to perform more physical work to maintain their daily life activities including climb up and down on hills. Ethnical issues could not be ignored as ethnical differences of physique were also reported by different authors [4] . More studies were required to make a final conclusion.
When correlated with age, the three somatotype components did not show any significant relationships (Table  2) . But ectomorphy character increased as age increased, supporting the change of body type towards more linear. Body mass showed a significant relationship with biepicondylar humerus width (r=0.84,p<.05) and biepicondylar femur width (r=0.85,p< 05). This might be due to increased mesomorphy component during the period of growth and development. Positive associations were observed between age and humerus width (r=0.53, p<.05) as well as between age and femur width (r= 0.58,p< 0.5). A high relationship was observed between femur and mesomorphy component ( r=0.70,p<.05). Thus, though three somatotype components did not increase as age increased, but mesomorph components increased gradually with corresponding femur width. More studies were needed for final statement.
Conclusion
From the above discussion it might be concluded that the somatotype trait of the Nepali male school children who lived in hilly region was not different from the traits obtained for European, American and Latin American children. The present study also supported the theory of changes in the somatotypological characteristic with age.
